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334Natural history of grade I-II blunt traumatic aortic
injury
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Background: Endovascular aortic repair has revolutionized the management of traumatic blunt aortic injury (BAI).
However, debate continues about the extent of injury requiring endovascular repair, particularly with regard to minimal
aortic injury. Therefore, we conducted a retrospective observational analysis of our experience with these patients.
Methods:We retrospectively reviewed all BAI presenting to an academic level I trauma center over a 10-year period (2000-
2010). Images were reviewed by a radiologist and graded according to Society for Vascular Surgery guidelines (grade I-
IV). Demographics, injury severity, and outcomes were recorded.
Results: We identiﬁed 204 patients with BAI of the thoracic or abdominal aorta. Of these, 155 were deemed operative
injuries at presentation, had grade III-IV injuries or aortic dissection, and were excluded from this analysis. The
remaining 49 patients had 50 grade I-II injuries. We managed 46 grade I injuries (intimal tear or ﬂap, 95%), and four
grade II injuries (intramural hematoma, 5%) nonoperatively. Of these, 41 patients had follow-up imaging at a mean of
86 days postinjury and constitute our study cohort. Mean age was 41 years, and mean length of stay was 14 days. The
majority (48 of 50, 96%) were thoracic aortic injuries and the remaining two (4%) were abdominal. On follow-up
imaging, 23 of 43 (55%) had complete resolution of injury, 17 (40%) had no change in aortic injury, and two (5%)
had progression of injury. Of the two patients with progression, one progressed from grade I to grade II and the other
progressed from grade I to grade III (pseudoaneurysm). Mean time to progression was 16 days. Neither of the patients
with injury progression required operative intervention or died during follow-up.
Conclusions: Injury progression in grade I-II BAI is rare (w5%) and did not cause death in our study cohort. Given
that progression to grade III injury is possible, follow-up with repeat aortic imaging is reasonable. (J Vasc Surg
2014;59:334-42.)Blunt traumatic aortic injury (BAI) is associated with
signiﬁcant mortality. It was historically estimated that
over 75% of patients experienced prehospital mortality,
and of those arriving to the hospital alive, up to 50% died
within the ﬁrst 24 hours following injury.1,2 Contemporary
data drawn from a recent analysis of the National Trauma
Databank suggest that approximately 4% of patients die
during transport to the hospital and that 20% of these
patients die early in their hospital course.3 Patients presentthe Department of Surgery Division of Vascular Surgerya and Depart-
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://dx.doi.org/10.1016/j.jvs.2013.09.007with a wide range of concomitant injuries that pose signif-
icant challenges for management of BAI: 29% of patients
present with major abdominal injury and 31% present
with major head injury.3
BAI presents as a wide range of pathology, from small
intimal defects to full-thickness aortic transections with
rupture. The currently accepted grading system for these
injuries was proposed in 20094 and has been adopted by
the Society for Vascular Surgery (SVS) in the clinical prac-
tice guidelines for management of thoracic BAI.5 In this
grading system, injuries are assigned to one of four cate-
gories: grade I (intimal tear), grade II (intramural hema-
toma), grade III (pseudoaneurysm), and grade IV
(rupture). Current guidelines from the SVS recommend
endovascular repair of grade II-IV injuries of the thoracic
aorta.5 Current clinical practice guidelines do not include
recommendations for the management of abdominal aortic
injuries, which represent a minority of BAI.
A recent trend in the management of BAI has been
evolution toward nonoperative management of “minimal
aortic injury.”6-8 This category includes grade I injuries.
However, the natural history of these injuries remains
poorly deﬁned and the risk of injury progression to dissec-
tion, pseudoaneurysm, aneurysm, and rupture remains
poorly quantiﬁed in patients managed nonoperatively.
Grade II injuries (intramural hematoma), while still
“minimal” in nature, are often managed more aggressively,
reﬂected by current practice guidelines that recommend
endovascular repair of these injuries5 despite a lack of
Fig 1. Diagram summarizing selection of patients for inclusion in
this analysis. pts, Patients.
Table I. Deﬁnitions used in this study regarding aortic
injury grade and aortic injury evolution
Aortic injury grades
Grade I aortic injury e aortic intimal tear or ﬂap
Grade II aortic injury e aortic intramural hematoma without
change in external contour of aorta
Grade III aortic injury e contained aortic pseudoaneurysm with
concurrent increase in external contour of the aorta but
without extravasation of intravenous contrast
Grade IV aortic injury e full-thickness aortic injury resulting in
rupture with extravasation of intravenous contrast on imaging
Aortic injury evolution
Injury resolution e interval injury resolution with aorta of
normal diameter; absence of external contour abnormality or
intraluminal ﬁlling defect; no identiﬁable aortic injury
Stable injury e no interval change in aortic injury
Injury progression e interval enlargement of injury, either by
increase in injury grade, or by increase in size of injury with no
change of injury grade
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management of grade I-II injuries is limited to small retro-
spective case series with short follow-up.4,6-15
Our institution practices nonoperative management of
grade I-II BAI. It is our practice to manage these injuries
medically with surveillance imaging to evaluate for progres-
sion. Therefore, we analyzed our experience with nonoper-
ative management of grade I-II BAI.
METHODS
Following approval from the Institutional Review Board
of Vanderbilt University Medical Center, we performed
a retrospective review of BAI presenting to our institution
from January 1, 2000 through September 1, 2010. We
retrospectively searched institutional radiology and trauma
databases (which are prospectively maintained) to identify
all patients presenting with BAI using the International
Classiﬁcation of Diseases, Ninth Revision, Clinically Modi-
ﬁed codes 901.0 (injury to thoracic aorta) and 902.0 (injury
to abdominal aorta). We identiﬁed 205 aortic injuries in 204
patients. Of these, 111 were managed operatively and were
excluded; ﬁve patients with grade I injuries and one patient
with a grade II injury were selected for open or endovascular
repair based on surgeon preference between 2000 and
2005. Based on our institutional algorithm established
during the middle of the study period in which we manage
grade I-II BAI nonoperatively, no patients with grade I or II
BAI were selected for operative repair from 2005 to 2010.
An additional 105 patients underwent open or endovascular
repair for grade III-IV injuries and were excluded. The
remaining 93 patients were managed nonoperatively. Of
these, 40 patients had grade III-IV aortic injuries and
were excluded. In addition, four patients presented with
traumatic aortic dissection and were excluded. The remain-
ing 49 patients had 50 grade I (n ¼ 46) or II (n ¼ 4) BAI;
one patient presented with two grade I injuries. These 49
patients constitute our study cohort (Fig 1).
Demographics, Injury Severity Score (ISS), hemody-
namic parameters, and clinical outcomes were captured.
Demographics included age, sex, length of stay, and concom-
itant injuries. The ISS was calculated according to a well-
described grading system.16We recorded institution of phar-
macologic agents including beta-blockers, calcium channel
blockers, and vasodilators. Daily values for systolic blood
pressure (SBP) and heart rate (HR) were recorded during
hospitalization and clinical follow-up. A daily hemodynamic
value for SBP and HR during inpatient hospitalization was
captured from daily reports generated by our computer
system on inpatients with daily mean SBP and HR averaged
over a 24-hour period. Follow-up SBP and HR measure-
ments recorded during follow-up clinic visits were addition-
ally captured for this analysis, and all values were averaged.
Complications of BAI were captured from the medical
record; thromboembolic events and complications related
to end-organ or limb ischemia were noted when present.
All contrasted computed tomography (CT) scans of
the chest, abdomen, and pelvis were retrospectively
reviewed by a radiologist, and BAI grade was assignedaccording to SVS guidelines.4,5 According to this system,
BAI is graded as follows (Table I): grade I (intimal tear);
grade II (intramural hematoma); grade III (pseudoaneur-
ysm); and grade IV (rupture). In addition, the anatomic
location of the injury was deﬁned as follows: ascending
aorta (proximal to innominate artery); aortic arch (innom-
inate artery to left subclavian artery); isthmus (initia-
ting <1 cm of the ligamentum arteriosum); descending
thoracic aorta (initiating >1 cm from the ligamentum
arteriosum to the diaphragmatic hiatus); and abdominal
aorta (diaphragmatic hiatus to aortic bifurcation). If the
ligamentum arteriosum was not deﬁnitively identiﬁed on
CT imaging, its position was inferred from common
normal anatomy and the location of the ductus bump
on oblique sagittal (candy cane) or sagittal multiplanar
reformatted images. The 1-cm distance was a rough
estimate from the expected location of the ductus.
Table II. Clinical demographics of patients in this study
Characteristic Average value (range)
Age, years 41 (16-87)
Male, % 66
Length of hospital stay, days 14 (1-46)
Injury severity score 33.3 (16-50)
Table III. Distribution of aortic injuries by location in
aorta
Location No. (%)
Ascending aorta 1 (2)
Aortic arch 3 (6)
Aortic isthmus 19 (38)
Descending thoracic aorta 25 (50)
Abdominal aorta 2 (4)
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16-slice CT scanner with 3.75-5 mm axial reconstructions
(2000-2004) or 40-64-slice CT scanner (2004-2010) with
2-3 mm axial reconstructions. Multiplanar reformations
were performed on all examinations to aid in BAI charac-
terization. We reviewed all subsequent CT images for
injury evolution (Table I for deﬁnitions): in particular,
the size of the injury was recorded (from superior to infe-
rior extent in grade I-II injuries; and from superior to infe-
rior extent as well as from anterior to posterior extent in
grade III injuries), as well as associated thrombus, contrast
extravasation, or mediastinal hematoma. Factors possibly
associated with injury progression and resolution were
assessed and included age, injury severity score, length of
hospital stay, sex, antiplatelet therapy, average HR and
SBP over follow-up, associated thrombus, presence of peri-
aortic hematoma, and anatomic region of injury in aorta.
Univariate correlations were performed to assess factors
predictive of injury resolution or progression.
Mortality was determined by reviewing the institu-
tional medical records of patients who died during their
initial hospitalization or follow-up. For the remaining
patients, a search of the social security death index was con-
ducted to rule out death in the remaining patients. For
patients who died in our institution, cause of death was
determined by reviewing the medical record and death
summary.
Primary outcomes included BAI progression and all-
cause mortality. Numeric data are summarized as mean,
median, range, and interquartile range where appropriate.
Statistical univariate analysis was performed using a bivariate
Pearson’s correlation coefﬁcient (SPSS Statistics; IBM
Corporation, Armonk, NY) to assess factors correlated
with injury resolution and progression. We compared
mean HR and SBP of patients with injury resolution and
those with stable injuries using nonparametric Student
t-test; patients with injury progression could not be
compared in this analysis because of small sample size
(n ¼ 2). P values of <.05 were considered statistically
signiﬁcant.
RESULTS
Patients. Clinical demographics of our study cohort
were as follows (Table II): mean age was 41 years (range,
16-87), 66% were male, mean length of hospital stay was
14 days (range, 1-46), and mean ISS was 33.3. The
distribution of injuries by location was as follows
(Table III): ascending aorta (n¼ 1; 2%); aortic arch (n ¼ 3;
6%); aortic isthmus (n ¼ 19; 36%); descending thoracic
aorta (n ¼ 27; 49%), and abdominal aorta (n ¼ 4; 8%).
Medical management included pharmacologic control of
HR (goal <70 beats/min) and SBP (goal <110-120 mm
Hg) using intravenous infusion of beta-blocking agents
and/or vasodilators with eventual transition to oral agents
to achieve target HR and blood pressure control in 30
patients; the remaining 19 patients were deemed unsuitable
for hemodynamic control because of comorbid conditions
or traumatic injuries precluding hemodynamic restrictionsuch as traumatic brain injury or spinal cord injury, or did
not complete pharmacologic therapy. Patients initiated on
intravenous infusions of antihypertensive agents were
transitioned to orally administered beta-blocking agents
when deemed medically appropriate. In patients with injury
resolution, antihypertensives were discontinued. In patients
with stable injuries or injury progression, orally adminis-
tered beta-blockers were continued as outpatients. Anti-
platelet therapy was recommended for injuries associated
with thrombus or at the discretion of the consultant; 10 of
49 patients were administered antiplatelet therapy. No
patients suffered complications related to end-organ or
limb ischemia or thromboembolic complications.
Mortality. All-cause mortality was 14%. Of 49
patients, there were seven deaths during a mean follow-
up of 4.9 years (median, 5.3 years; interquartile range,
3.9 years). Mortality occurred at a median of 6 days (range,
1-1043), and six of seven deaths occurred in-hospital
within 13 days. Patients who died were signiﬁcantly older
compared with patients who survived (51.6 vs 39 years;
P ¼ .05), and there was a trend toward higher ISS among
patients who died (34.6 vs 33; P ¼ .06). No deaths
occurred secondary to BAI. Deaths resulted from multiple
system organ failure (n ¼ 4); traumatic brain injury (n ¼
2); and one patient had an unknown cause of death
2.9 years following injury. However, repeat computed
tomography angiography (CTA) demonstrated complete
BAI resolution in this patient (Table IV).
Injury evolution on follow-up imaging. An average
of 2.7 imaging studies was performed to evaluate BAI
(range, 1-9). Following the admission CT, follow-up
imaging was performed in 41 of 49 patients (84%) to
evaluate BAI evolution. Patients who received follow-up
imaging had an average of two additional imaging studies
to evaluate BAI progression. The remaining eight patients
did not have follow-up imaging performed, either because
of death from other traumatic injuries (n ¼ 2) or because
of loss to follow-up (n ¼ 6). The mean interval from
admission imaging to last imaging study was 86 days
Table IV. Characteristics of seven patients with grade I-II aortic injuries managed nonoperatively who died during
follow-up
Patient
Age,
years ISS
Aortic injury grade
at presentation
Aortic injury
grade on follow-up imaging
Last follow-up imaging,
days postpresentation
Cause
of death
Death,
days postinjury
1 19 29 I Resolution (no sign of injury) 1 TBI 2
2 45 29 I Resolution (no sign of injury) 131 Unknown 1043
3 46 32 I I (no change in injury) 3 MSOF 4
4 31 36 I I (no change in injury) 2 MSOF 13
5 87 50 I I (no change in injury) 8 MSOF 9
6 50 45 I Not performed – TBI 1
7 81 21 II Not performed – MSOF 6
ISS, Injury Severity Score; MSOF, multiple system organ failure; TBI, traumatic brain injury.
Fig 2. Evolution of injury following grade I-II blunt aortic injury
(BAI). Between the time of injury and last follow-up imaging, 55%
of patients demonstrated complete injury resolution, 40% had
stable injuries, and 5% of patients developed injury progression to
higher injury grade.
Fig 3. Mean heart rate (HR) (A) and systolic blood pressure
(SBP) (B) between the time of injury and last follow-up imaging in
patients with injury resolution, stable injuries, and injury progres-
sion after grade I-II blunt aortic injury (BAI). The mean HR is
signiﬁcantly lower in patients with injury resolution compared with
stable injuries (*P ¼ .01).
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range, 108 days).
Injury resolution on follow-up imaging. Twenty-
three of 42 injuries (55%) demonstrated BAI resolution
(Fig 2) with normal aortic contour and diameter and
absence of intraluminal ﬁlling defect. The mean time to
radiographic identiﬁcation of injury resolution was 74 days
(median, 24 days; interquartile range, 85.5 days). On
univariate analysis, higher mean HR over follow-up was
inversely correlated with injury resolution, with lower HR
correlating with injury resolution by univariate analysis (P ¼
.018). The mean HR of patients with injury resolution was
also signiﬁcantly lower than the mean HR of patients with
stable injuries (Fig 3,A; P¼ .014). Themean duration to last
follow-up imaging among patients with injury resolution was
118.5days (median, 54 days; interquartile range, 139.5 days).
Stable injuries on follow-up imaging. Seventeen of
42 injuries (40%) were stable without radiographic change
on follow-up imaging (Fig 2). The mean duration to last
follow-up imaging was 43.3 days in this group (median,
5.5 days; interquartile range, 13.5 days).
Injury progression on follow-up imaging. Two of
42 injuries (5%) progressed to higher grade (Fig 2). Themean time to radiographic identiﬁcation of injury
progression was 16 days. The ﬁrst of these injuries was in
a male aged 25 years with an ISS of 29 whose BAI pro-
gressed from grade I to II (intramural hematoma
measuring 1.1  2.0 cm) at 3 days and was stable on last
follow-up imaging at 81 days; this patient is currently alive
Table V. Summary of retrospective studies examining the natural history of blunt aortic injury (BAI)
Study Patients Injury grade Injury location
Imaging modality at
diagnosis and follow-up
Fabian et al (1998)12 n ¼ 6 I (intimal ﬂap with <10% lumen
compromise)
Not speciﬁed CTA, aortography
Malhotra et al (2001)7 n ¼ 8 I (intimal tear <1 cm) Thoracic aorta CTA, aortography, IVUS
Kepros et al (2002)10 n ¼ 5 I (intimal tears 5-20 mm) Thoracic aorta TEE
Holmes et al (2002)15 n ¼ 6 I (intimal tear) Thoracic aorta CTA, aortography
n ¼ 2 II (intramural hematoma) Thoracic aorta CTA, aortography
Hirose et al (2006)11 n ¼ 3 I (intimal tear) Thoracic aorta CTA, aortography
Azizzadeh et al (2009)4 n ¼ 10 I (intimal tear) Thoracic aorta CTA, IVUS
Caffarelli et al (2010)13 n ¼ 6 I (intraluminal thrombus/
intimal injury)
Thoracic aorta CTA
n ¼ 2 II (intramural hematoma) Thoracic aorta CTA
Paul et al (2011)6 n ¼ 11 I (intimal tear <1 cm) Thoracic aorta CTA
Mosquera et al (2012)8 n ¼ 9 I (intimal tear <1 cm) Thoracic and abdominal aorta CTA, TEE, aortography
Starnes et al (2012)9 n ¼ 20 I (intimal tear <1 cm) Thoracic and abdominal aorta CTA, TEE, aortography
n ¼ 2 I (intimal ﬂap >1 cm) Thoracic and abdominal aorta CTA, TEE, aortography
Shalhub et al (2012)14 n ¼ 6 I (intimal tear <1 cm) Abdominal aorta CTA
n ¼ 3 I (intimal ﬂap >1 cm) Abdominal aorta CTA
CTA, Computed tomography angiography; IVUS, intravascular ultrasound; MSOF, multiple system organ failure; TBI, traumatic brain injury; TEE, trans-
esophageal echocardiogram.
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a female aged 21 years with an ISS of 24 whose BAI
progressed from grade I to III (pseudoaneurysm measuring
0.5  1.3 cm) at 29 days; this patient was managed non-
operatively and was subsequently lost to follow-up but is
currently alive 5.5 years later. Both of these injuries were
located at the aortic isthmus. In both cases, intravenous
infusion of beta blocking agents was initiated at admission
and had been transitioned to oral beta blockers prior to
recognition of injury progression. Both patients have been
nonoperatively managed with pharmacologic HR and SBP
reduction and serial imaging, and have been documented
to have stable injuries. The last follow-up imaging was
performed 81 and 29 days following injury, respectively.
Both patients are alive at 10.8 and 5.5 years of follow-up,
respectively.
On univariate analysis, there were no statistically signif-
icant correlates of injury progression, but the sample size
was extremely limited (two patients), precluding a powerful
analysis. Patients with injury progression had similar mean
HR (Fig 3, A) and SBP (Fig 3, B) equal to or lower than
patients with stable BAI or BAI resolution.
DISCUSSION
Herein we present our 10-year experience with nonop-
erative management of grade I-II BAI. While limited to
only 49 patients, our study represents the largest experi-
ence with nonoperative management of grade I-II BAIto our knowledge in the literature. Several small, single-
institution, retrospective reviews have analyzed outcomes
with nonoperative management of grade I BAI.4,6-15
However, the majority of these studies have been limited
by small sample size and short follow-up (Table V). The
use of diverse imaging modalities for BAI diagnosis and
follow-up (CTA, transesophageal echocardiogram, aortog-
raphy, intravascular ultrasound) and the use of diverse
grading systems for BAI classiﬁcation preclude any uniﬁed
conclusions to be made.
Over the past decade, there has been a transition in the
management of aortic trauma from open surgical repair to
endovascular repair. The rapid evolution of endovascular
technology has enabled operative repair of BAI in a broader
patient population with signiﬁcant reduction in morbidity
and mortality compared with open surgical technique.17-20
However, endovascular repair is not without risks as this
procedure is associated with small but measurable rates of
stroke (as high as 2%), spinal cord ischemia (as high as
0.9%), procedure-related mortality (as high as 3.6%), and
overall mortality (as high as 16%) reported in the trials
and meta-analyses investigating thoracic endovascular
aneurysm repair (TEVAR) for BAI.18-21 Additionally,
endovascular procedures are associated with higher rates
of device-related complications; they are costly and require
extended follow-up imaging. Moreover, the longevity and
durability of this technology over the lifespan of young
patients remains to be elucidated. These factors pose
Table V. Continued.
Follow-up imaging Clinical follow-up Aortic injury evolution among survivors
Aortic-related
mortality All-cause mortality
Not speciﬁed Not speciﬁed Resolution in 5/6 (83%)
Stable in 1/6 (17%)
0/6 (0%) Not speciﬁed
<8 weeks Not speciﬁed Resolution in 2/6 (33%)
Stable in 1/6 (17%)
Progression to pseudoaneurysm in 3/6 (50%)
0/8 (0%) 2/8 (25%)
-MSOF (n ¼ 1)
-PE (n ¼1)
9.4 days (mean) 16.8 months (mean) Resolution in 5/5 (100%) 0/5 (0%) 0/5 (0%)
Not speciﬁed 2.5 years (median) Resolution in 1/4 (25%)
Stable in 3/4 (75%)
0/5 (0%) 1/5 (20%)
-TBI
Not speciﬁed 2.5 years (median) Resolution in 2/2 (50%) 0/2 (0%) 0/2 (0%)
60 days (median) 4.4 years (mean) Resolution in 3/3 (50%) 0/3 (0%) 0/3 (0%)
None Not speciﬁed No follow-up imaging 0/10 (0%) 0/10 (0%)
81 days (mean) for
entire cohort
1.8 years (median) for
entire cohort
Resolution in 4/6 (66%)
Stable in 2/6 (33%)
Not speciﬁed Not speciﬁed
81 days (mean) for
entire cohort
1.8 years (median) for
entire cohort
Resolution in 1/2 (50%)
Stable in 1/2 (50%)
Not speciﬁed Not speciﬁed
4 days (median) 16 days (mean) Not speciﬁed 0/11 (0%) 0/11 (0%)
Not speciﬁed 27 months (median) Resolution in 6/7 (86%)
Progression to pseudoaneurysm in 1/7 (14%)
0/9 (0%) 2/9 (22%)
-MSOF (n ¼ 1)
-TBI (n ¼ 1)
71 days (mean) 71 days Resolution in 14/16 (87.5%)
Stable in 2/16 (12.5%)
0/20 (0%) 3/20 (15%)
-MSOF (n ¼ 3)
7 days (mean) 7 days Stable in 2/2 (100%) 0/2 (0%) 0/2 (0%)
<72 hours 6 days (median) Resolution in 5/6 (83%)
Stable in 1/6 (17%)
0/6 (0%) 0/6 (0%)
<72 hours Not speciﬁed Resolution in 1/3 (33%)
Stable in 2/3 (66%)
0/3 (0%) 0/3 (0%)
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a high prevalence of noncompliance.19
The increased utilization of CT imaging at the time of
admission of trauma patients has increased the frequency of
diagnosis of grade I and grade II BAI,7,9 and there remains
substantial institution-to-institution variation in manage-
ment of these injuries. Many institutions practice an
approach of endovascular repair for all grades of BAI, and
many of the trials and meta-analyses comparing outcomes
in open repair vs TEVAR included patients with grade I
BAI in both operative arms.18,20,21 Many surgeons decide
to repair minimal aortic injury because of concern over
eventual injury progression with potential for aneurysm
development or rupture in a noncompliant patient popula-
tion with a high risk of loss to follow-up. Other surgeons
have chosen to manage these patients nonoperatively
despite a lack of supportive data.
Our results indicate that there is a very low risk of
injury progression in patients with grade I-II BAI
(Fig 2). Among the 84% of patients with follow-up
imaging, we observed injury progression in two of 42
injuries (5%), although this was assessed over a relatively
short mean follow-up of 86 days (median follow-up,
29 days). When injury progression was noted, it occurred
relatively early at an average of 16 days. This is consistent
with the few existing reports of BAI progression, which
have noted the majority of these events to occur early
(Table V). Malhotra et al reported three cases of injuryprogression from grade I to pseudoaneurysm, all of which
occurred within 8 weeks following injury7; Mosquera et al
similarly noted one case of grade I injury progressing to
pseudoaneurysm diagnosed 1 year following injury.8 It is
worth mentioning that 16% of our patients were lost to
follow-up and did not return for surveillance imaging.
Although we can only speculate about the eventual fate
of injury in these patients, they did not develop injury
progression to the point of aortic rupture, as all are still
alive at the time of this study (mean follow-up, 4.9 years).
However, if all six of these injuries progressed, the progres-
sion rate in our cohort would have increased from 5% to
16%. It remains to be determined whether longer follow-
up with repeat imaging would identify additional patients
with injury resolution or progression.
The vast majority (95%) of grade I-II BAI resolved or
remained stable (Fig 2). Seventeen injuries (40%) remained
stable, and 23 injuries resolved (55%). Overall, 52.5% of
patients with grade I injuries resolved, and 100% of patients
(2/2 patients) with grade II injuries resolved. Univariate
analysis identiﬁed a statistically signiﬁcant inverse correla-
tion between HR and injury resolution (Fig 3, A); the
same trend was not, however, observed with SBP (Fig 3, B).
Pharmacologic therapy for HR and SBP reduction re-
mains a cornerstone in the medical management of BAI,
although these modalities have never been proven to
successfully delay BAI progression. However, there is
good evidence that pharmacologic HR and SBP reduction
JOURNAL OF VASCULAR SURGERY
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pathologies, including type B aortic dissection22 and Mar-
fan Syndrome.23 Based on our results, this type of pharma-
cologic therapy may promote injury resolution. However,
it is not clear yet whether withholding pharmacologic BP
and HR control promotes injury progression. We noted
patients with injury progression to have similar hemody-
namics (Fig 3, A and B) to patients with injury resolution;
however, the sample size in our progression group (n ¼ 2)
precluded a powerful statistical analysis. Clearly, further
work is needed to validate the role of pharmacologic
therapy in patients with BAI. In our opinion, it is advisable
to continue this practice unless contraindicated (ie, trau-
matic brain injury, spinal cord injury, shock).
We did not observe any deaths secondary to grade I-II
BAI over an average follow-up of 4.9 years (median,
5.3 years). The predominant causes of death were other
traumatic injuries, as in prior reports of grade I-II
BAI.4,6-15 The majority of deaths occurred within 2 weeks
(Table IV). The only death occurring from a nontraumatic
etiology was an unknown cause of death occurring 4 years
following injury. This patient presented with grade I BAI
and had a follow-up CTA demonstrating BAI resolution;
therefore, we do not suspect this death was related to
BAI. It has been our practice to discontinue aortic surveil-
lance and pharmacologic SBP and HR control after docu-
menting normal imaging, and it will remain so.
The alternative to nonoperative management of grade
I-II BAI is to perform immediate or delayed endovascular
repair. Proponents of operative intervention do so out of
concern for eventual injury progression in a patient popu-
lation prone to limited follow-up. However, endovascular
repair poses measurable risks of procedure-related
morbidity and mortality, requires extended imaging, and
incurs signiﬁcant costs. The risks posed by operative
management (paraplegia, cerebrovascular accident, endo-
leak, endograft migration, death) must be weighed against
the risks posed by nonoperative management (ie, unrecog-
nized injury progression, aneurysmal degeneration, death).
Either approach requires follow-up imaging, albeit to
varying extents. Comparing the end point of mortality
between these two approaches, the nonoperative
approach described herein poses a BAI-related mortality
of 0% at 4.9 years of clinical follow-up, vs a TEVAR-
related mortality as high as 3.6% in contemporary studies.
The overall mortality in our cohort was 14%, which is
slightly better than the overall mortality of 16% described
in a large meta-analysis of TEVAR.18 Therefore, our expe-
rience with nonoperative management of grade I-II BAI
does not convey greater risk for mortality, spares patients
the costs and risks associated with the procedure, and
may well shorten the duration of follow-up imaging
required.
BAI of the ascending aorta, aortic arch, and abdominal
aorta have received relatively little attention. Based on our
results, it appears that these injuries behave similarly to
aortic injuries in other locations, albeit our sample size
was very small. The largest series of nonoperativelymanaged grade I-II abdominal BAI, reported by Shalhub
et al (Table V),14 reported similar ﬁndings. Combining
these authors’ experience with abdominal BAI and ours,
no patients were noted to have injury progression; all
patients developed injury regression or have stable injuries
on repeat imaging. Therefore, abdominal BAI appears to
behave similarly to thoracic BAI.
This study has several limitations. The retrospective
nature of data collection limits the quality of the data and
the consistency of follow-up. The variable selection of patients
with grade I-II injuries for operative vs nonoperativemanage-
ment prior to the year 2005 introduced selection bias,
although it was uniform practice at our institution to manage
these injuries nonoperatively for the latter half of the periodwe
investigated (2005-2010). Also, a signiﬁcant proportion of
our cohortwas lost to follow-up (16%)anddidnothave repeat
imaging. Among those who did have repeat imaging, there
was signiﬁcant variability in duration of clinical and radio-
graphic follow-up; this variability was introduced by
practitioner-to-practitioner differences in clinical manage-
ment, not to mention the challenges inherent in follow-up
among the trauma population. Finally, assessment of injury
progression by repeat imaging was limited by relatively short
durationof follow-up(average,86days; andmedian,29days).
CONCLUSIONS
Our 10-year experience with management of grade I-II
BAI is the largest experience reported in the literature. The
majority of these injuries healed or remained unchanged
on repeat imaging and nonoperative management did not
result in aortic-related death or require intervention. Based
on these results, it is apparent that nonoperative manage-
ment of grade I-II BAI is a management strategy that does
not pose increased mortality, although this approach
warrants prospective validation. Nonoperative management
spares patients the costs and device-related complications
incurred byTEVAR, not tomention the unprovendurability
of TEVAR over the lifespan of young patients. It is reason-
able to obtain follow-up imagingwithin 1month after injury,
with interval surveillance thereafter. Follow-up imaging is
likely unnecessary in patients whose injuries resolve.
Study data were collected and managed using Research
Electronic Data Capture (REDCap) tools hosted at Van-
derbilt University Medical Center.24 REDCap is a secure,
web-based application designed to support data capture
for research studies, providing (1) an intuitive interface
for validated data entry; (2) audit trails for tracking data
manipulation and export procedures; (3) automated export
procedures for seamless data downloads to common statis-
tical packages; and (4) procedures for importing data from
external sources.
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Submitted Jun 11, 2013; accepted Sep 5, 2013.DISCUSSIONDr Amy Reed (Hershey, Pa). Just a quick question on the
follow-up. Sometimes what we have is the slight hysteria of the
nurses and the trauma staff of turning these patients and whether
they can safely be transferred because of this small tear. And so just
a question about how do you manage that in your institution?
And then also, how do you determine the follow-up? Because
there is always a question, do you get the CT every 3 to 4 days? At
a week? I know you mentioned 30 days. But what about when the
patient is hospitalized?
Dr Michael J. Osgood. It has been our practice at our insti-
tution; it has really been variable over time, as well as from practi-
tioner to practitionerdtypically a follow-up CT angiogram is
obtained within 30 days. Often it is at a 7-day time point or
even earlier at the 2- to 3-day time point. That is one of the vari-
abilities in our study. That there has not been a consistent time
point at which we had follow-up imaging.In general, the practice has been to continue follow-up
imaging until the injury has resolved. There is usually about
a 30-day image, 6-month image, and often a 1-year image, when
possible. Unfortunately, a lot of these patients do get lost to
follow-up, and it is a challenging patient population to follow.
Dr Ali Azizzadeh (Houston, Tex). I have three questions for
you. The progression of a grade I injury into a grade III is previ-
ously unreported. How conﬁdent are you that this injury was
correctly identiﬁed? In other words, how do you know that there
was not a grade II (medial injury) on that image?
Dr Osgood. Our radiologist reviewed that CT scan. Initially
on presentation, the patient had, I think, what many people would
call a large intimal ﬂap, measuring over a centimeter. That patient
did not have any external contour abnormality of the aorta on the
initial CT scan, so there was no radiographic evidence of medial
injury. I think most of the literature would deﬁne a medial injury
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contour abnormality radiographically. So, the patient had a large
intimal ﬂap on the initial scan without evidence of medial injury.
On the follow-up CT scan that I showed, the patient had, in addi-
tion to the intimal irregularity, an external contour abnormality
that ﬁt our deﬁnition for pseudoaneurysm.
Dr Azizzadeh. I was wondering if you could comment on
your medical therapy regimen as well as the follow-up. In the
trauma cohort, follow-up is always challenging. In our institution
up to 30% of patients who come through the emergency room
do not have insurance. Please tell us how you deal with that.
Dr Osgood. Thank you for raising those points. Follow-up
certainly has been a challenge, and it is a variable. Some patients
return for follow-up, but many are lost.
Regarding the medical management of these patients, basi-
cally, 35 out of our 49 patients had a vascular surgery consultation.
Approximately eight out of those 49 patients had a cardiothoracic
surgery consultation. Anti-impulse therapy was initiated when
possible. There were only, I think, 30 patients out of the 49
who had anti-impulse therapy initiated. They had other contrain-
dications such as traumatic brain injury, spinal cord injury, and
shock. And that has been a challenging thing that we have noted
over the time is that it is difﬁcult to control the HR and the blood
pressure in these patients. They have a systemic inﬂammatory
response syndrome response, and it is very difﬁcult to achieve
optimal hemodynamic control.
Antiplatelet therapy was initiated for patients who
presented with thrombus that was associated with the intimal
defect. And that was a minority of patients; that was only 10 out
of 49.
Dr Niren Angle (Mission Viejo, Calif). That was a beautiful
paper, and it is very timely because with the advent of endografts
there is the deﬁnite impulse to just pop one in just any time one
sees an aortic defect. And it is sometimes very hard to convince
some that it may be okay to not do so. In Europe, they have
been putting these patients in the intensive care unit for weeks
with aortic injuries and they do just ﬁne. You touched on my ques-
tion in your previous comment, which was regarding traumatic
head injury. As you know, with brain injury hypotension is delete-
rious with even one episode of an SBP of less than 90 being asso-
ciated with worse outcomes in the National Trauma Coma Data
Bank data. So when you have a limited aortic injury like this, in
a patient with a signiﬁcant head injury and you are not able to
reduce the blood pressure like you would like to do with the
anti-impulse therapy, is your inclination to put in an endograft
so that anti-impulse therapy is not necessary, or just say we arecomfortable enough in this data so that the blood pressure can
rise and we are not worried about the aortic injury?
Dr Osgood. The only instance that has prompted the
surgeons at our institution to place endografts in patients with
grade I-II injury since 2005 was demonstration of progression of
the injury. Prior to 2005, before we recognized that the majority
of these injuries could be managed medically, certain patients
with grade I-II injury were selected for operative repair. In grade
III injury, the decision-making process is more complex, but if,
for example, patients are not having optimal hemodynamic control
and they have a grade III injury with an enlarging pseudoaneur-
ysm, that has prompted the surgeons to place an endograft. We
have not placed endografts in our institution for grade I injuries
with suboptimal hemodynamic control. I do not think that our
data are compelling enough to stop with hemodynamic control.
Certainly, there is very strong evidence in the literature for aortic
dissection that hemodynamic control delays aneurysmal degenera-
tion and rupture. I think that one thing to be considered though is
that for patients who have traumatic brain injuries, spinal cord
injuries, or shock for other reasons, we may be able to back off
a little bit on pushing for hemodynamic control in those patients.
Dr Bjorn Sonesson (Malmo, Sweden). I agree with you that
the algorithm you show that treating grade I and II transections
conservatively is appropriate. However, the crucial point is to
differentiate on the CT scan between grade II and grade III tran-
sections. It is not always easy to do that on the trauma CT that
due to circumstances often is of poor quality. Have you any
comment on how to differentiate between grade II and III on
the CT scan?
Dr Osgood. That is a great point that you raise. I think that
certain papers in the literature have advocated using intravascular
ultrasound or transesophageal echocardiogram to help differen-
tiate those injuries. I think that with the onset of these very high
quality multidetector CT scans that have 128 slices, for example,
we may be able to have better anatomic differentiation of grade
II vs grade III injuries. I think that the radiologists had a much
easier time differentiating these injuries with the advent of the
64-slice scanner, and I think that has enabled better differentiation,
but even then it is difﬁcult.
I think if you have an external contour abnormality that ﬁlls
with contrast that is clearly a grade III injury. I agree. The grade
IIs are very subtle and hard to pick up, and I think the radiologists
in our institution were very conservative in calling grade II injuries.
They only called grade II injuries when they saw an intramural
hematoma that caused some sort of a luminal compromise rather
than an external contour abnormality.
